. These data suggest that despite recruitment of monocytes probably from the peripheral blood and local cell activation, host defense of the resident lung cells is insufficient to control M. tuberculosis.
Tuberculosis, caused by Mycobacterium tuberculosis, is the single most important infectious disease of mankind. It is estimated to infect one-third of the world population, and anually causes over 3 million deaths (Raviglione et al. 1995) . Inhalation of as few as three bacilli in a droplet nuclei of 5 µm or less can result in lung infection. M. tuberculosis preferentially infects and resides in mononuclear phagocytes. The mechanisms by which mononuclear phagocytes keep M. tuberculosis in check or by which the microbe evades control to cause disease remain poorly understood (Dannenberg & Rook 1994) . Several lines of evidence suggest that mononuclear phagocytes play an essential role in control of tuberculosis. Mice chronically inoculated with silicate have increased susceptibility to M. tuberculosis (Gros et al. 1983) probably due to impairment of macrophage functions. Moreover, in man, tuberculosis in the setting of silicosis is a more aggressive disease and is associated with increased mortality despite adequate treatment (Paul 1961) .
By analogy to animal models, it is thought that recruitment of immune cells from the peripheral circulation and development of cell mediated immunity (CMI) result in activation of macrophages for control of intracellular M. tuberculosis. After the initial infection is established, increased monocytopoiesis and premature release of monocytes from the bone marrow lead to monocytosis and accumulation of recently recruited, immature monocytes at the sites of infection (Schmitt et al. 1977) . Development of CMI is contingent on pre-sentation of mycobacterial antigens in the context of major histocompatibility antigens interacting with T cells. Mycobacterial antigen specific T cells are thought to produce cytokines, such as interferon-γ (Dannenberg & Tomashefski 1988) , that in turn activate macrophages. This activation is associated with increased macrophage expression of HLA-DR in conditions such as sarcoidosis . Also, the different stages of maturation and activation are associated with expression of surface antigens on macrophages, such as RFD1 and RFD7 (Spiteri et al. 1992) . Newly recruited monocytes can be distinguished from long-lived resident cells by the expression of the marker UCHM1 (Hogg et al. 1984) .
Recently, probing of disease sites in the lungs by bronchoalveolar lavage has added a new instrument for investigating the mechanisms of containment or evasion of M. tuberculosis (Ainslie et al. 1992 , Kuo & Yu 1993 , Hoheisel et al. 1994 ), but few studies have concentrated on the role of macrophages. As an initial effort to delineate mechanisms by which the microbe evades control, we sought to characterize the immune cells obtained from the lung of patients with active tuberculosis. In this report, we specifically examined by immunohistochemical methods the phenotypes of lung mononuclear phagocytes.
PATIENTS AND METHODS
Patient selection and ethical considerationsAll patients included in the study were recruited in the wards and outpatient clinics of the University Hospital Clementino Fraga Filho (HUCFF), Federal University of Rio de Janeiro. They were adults, with abnormal chest X-ray, clinical history and physical exam suggestive of tuberculosis, without sputum or with sputum negative for acid-fast bacilli, that required fiberoptic bronchoscopy and bronchoalveolar lavage (BAL) for elucidation of the diagnosis and therapeutic guidance. These procedures were indicated on clinical grounds by independent physicians. Exclusion criteria were presence of renal or hepatic failure, diabetes or current use of anti-tuberculosis therapy. Once verified by members of the research team the possible elegibility of the patient for the study, his doctor was approached for authorization, and the patients were informed of the objectives and methods of the study, including the need for HIV testing, and invited to sign the Informed Consent Term. HIV testing was preceeded and followed by counselling. No financial retribution was involved. The protocol was approved by the Human Rights Committee of the HUCFF and Cornell University Medical Center. The materials used for the study were truly excess from those employed for diagnosis. Patients for the control group were selected following the same principles among patients performing BAL for diagnosis of lung nodules or tumours. Normal volunteers were recruited among participants of the study.
Once the final diagnosis was reached, the patients were included in two groups:
Group I -Patients with active pulmonary tuberculosis without immunodepression: adults, with tuberculosis confirmed by culture, negative serology for HIV by ELISA and/or Western Blot;
Group II -Controls: adults, with diagnosis of lung cancer (n = 3), sequelae of previous tuberculosis (n = 3), respiratory infections (n = 3) or normal volunteers (n = 3), culture negative for M. tuberculosis, negative serology for HIV by ELISA and/or Western Blot.
Procedures -All participants were submitted to a questionnaire, chest X-ray, and cutaneous test with PPD (RT23, Serum Institute, Denmark). BAL was performed following established routine of the Pneumology Unit, complying with international experience. Briefly, following injection of atropin and light sedation, local anaesthesia of upper and lower aiways was performed with lignocaine 2% and a fiberoptic bronchoscope introduced in the bronchi. Five to six aliquots of 20 ml sterile saline were introduced and aspirated. At least 50% of the injected fluid was aspirated. After the necessary volume of fluid for diagnostic tests was collected, the remaining fluid was placed in syliconized bottles kept on ice and quickly transported to the laboratory.
Handling of samples -Stringent safety measures were applied throughout the study by all involved staff. Collected volumes were measured, resuspended, a small aliquot taken for cell count in Neubauer chamber and assessment of viability by Trypan blue exclusion. Fluids were filtered through sterile gauze into centrifuge tubes, spun at 4°C at 400 g by 10 min. Supernatant were collected in Eppendorf tubes and frozen for future use. Cell pellets were resuspended in culture medium, washed twice, and finally resuspended to contain 10 6 cells/ml. Slides were prepared using Cytospin 3 Shandon, with 50.000 cells per well, left to dry under fan, fixed in chloroform/acetone v/v for 10 min, wrapped in plastic film and kept at -20°C prior to use.
Immunocytochemistry -The phenotypes of immunocompetent cells obtained by BAL were analyzed by immunocytochemical method using a panel of monoclonal antibodies (Table I) . Alkaline phosphatase-anti-alkaline phosphatase (APAAP) was employed. Briefly, cytospins were taken from the freezer 20 min prior to the staining procedure, a ring of hydrophobic pen (Sigma Co., St. Louis, USA) was traced around the cytospins, and the first layer monoclonal antibody, diluted confirmed tuberculosis. Eight of the 21 were HIV seropositive and were excluded from this analysis. For the current study 13 of the 21 documented tuberculosis patients, called Group I, were studied. For comparison, a control group, called Group II, was studied; they included 3 normal healthy volunteers and 9 patients that had neither tuberculosis nor HIV infection [neoplasia (3); treated, old tuberculosis (3); lung infiltrates that disappeared either spontaneously or after short course of antibiotics (3)]. One patient from each group refused HIV test but lack risk factors for HIV infection. The demographic, clinical and laboratory data from groups I and II are presented in Table  II. All patients were followed in the hospital's outpatient clinic. Tuberculosis therapy consisted of rifampin, isoniazid and pyrazinamide for two months, followed by rifampin and isoniazid for four months. All patients responded to treatment. One patient died from sepsis unrelated to the lung condition during treatment, one month after the start of therapy for tuberculosis.
Bronchoalveolar lavage -Patients from each group had similar volume of fluid recovered and number of total cells, or cell viability. The medians of cells obtained by BAL was 1.1±0.3 x 10 7 (1.6 x 10 6 -3.1 x 10 7 ) in Group I and 1.4±0.3 x 10 7 (2.0 x 10 6 -2.6 x 10 7 ) in Group II. Differences between tuberculosis and control groups were seen in neutrophil and eosinophil counts, increased in Group I, with consequent fall in relative proportions of macrophages in tuberculosis in relation to controls (Table III) . No differences were found, however, in absolute numbers of macrophages between the two groups (data not shown). Group I = TB+HIV-; Group II = TB-HIV-; p/y = pack/ years; unk. = unknown; CRX = chest X-ray; AFB = acid-fast bacilli; BALF = bronchoalveolar lavage flluid Optic densitometry for HLA-DR expressionCytospins were stained as above but were not counterstained by hematoxylin. The stained slides were analyzed using the morphometric software IMASYS (Bioscan Inc., Edmonds, USA) that gives the optic density of the staining, by determining the mean log inverse grey value of a given object in the screen. At least 20 random fields were counted and the mean density determined for each sample (Lapa e Silva et al. 1993b) .
Data analysis -The medians plus or minus standard error of the percents of positive cells for each marker were calculated for tuberculosis and control groups and compared by Mann-Whitney test, the results being considered statistically significant when p <0.05. For the optic densitometry of HLA-DR expression, medians plus or minus standard error of optic density were calculated and compared as above.
RESULTS
From August 1994 to March 1995, 39 patients were enrolled in the study according to entry criteria. Twenty one patients had bacteriologically We additionally evaluated macrophages expressing dendritic and epithelioid phenotype. As illustrated in Fig. 2 , tuberculosis patient group had a 10-fold increase in epithelioid cells and a 6-fold increase in the dendritic cell marker.
We next examined by quantitative method expression of HLA-DR (Fig. 3) . There was a 70% increase of expression in alveolar macrophages from tuberculosis patients as compared to control group.
DISCUSSION
Alveolar macrophages are a heterogeneous cell population and the balance between the subpopulations varies according to different disease states (Lohmann-Matthes et al. 1994) . Surface markers in macrophages have been evaluated over the last 10 years. However, few studies have concentrated on the phenotype of alveolar macrophages in pulmonary tuberculosis. Kuo and Yu (1993) found heterogeneous distribution of alveolar macrophages obtained by BAL from 12 tuberculosis patients by using Percoll density fractionation. Alveolar macrophages recovered from patients with tuberculosis were mainly in the lower-density fraction, whereas those obtained from normal controls fractionated in the high-density layer. This difference in gradient density distribution was inversely correlated with sputum bacterial load and radiographic disease extent. They also found increased CD4/CD8 ratios in BAL from tuberculosis patients and suggested that this difference may be due to higher activation status of the macrophages from tuberculosis, due to interaction with T lymphocytes. Phenotype of alveolar macrophages - Fig. 1 illustrates the proportions of lung macrophages that were young monocytes, as defined by the marker UCHM1, and macrophages exhibiting phagocytic ability (defined by RFD7). Young monocytes were 6-fold higher in tuberculosis group than in control group. Macrophages with phagocytic ability showed a two-fold increase in tuberculosis group.
The influence of T lymphocytes on the phenotype of alveolar macrophages was also investigated elsewhere. Striz et al. (1993) found that the phenotypic expression of surface markers such as KiM8, RFD7, RFD9, and others were upmodulated in the presence of lymphocytes from the BAL. Similarly, HLA-DR expression on alveolar macrophages was under influence of BAL lymphocytes and cytokines (Striz et al.1993) .
The issue of alveolar macrophage heterogeneity was also investigated in immunodeficiency situations, associated or not with HIV infection. Using a panel of monoclonal antibodies similar to that employed in our study, Bray et al. (1993) studied 30 patients with HIV-related lung conditions and 12 bone marrow recipient individuals undergoing BAL due to pneumonitis. They found a marked decrease in the number of alveolar macrophages stained by CD68, RFD1, RFD7 and a remarkable decrease in the amount of HLA-DR expressed by these cells. They suggested that a defective macrophage population is probably a factor contributing to immunosuppression. Similar findings were reported by Lanza et al. (1993) in 24 patients with HIV-related conditions. They also found a marked decrease in the expression of several antigenic determinants in alveolar macrophages, such as CD68, CD36, CR1, CD11c and HLA-DR, while other markers were mildly affected, such as CD4, CD14, CD45R, CD11b and CD16.
In the present study we found remarkable evidence of upmodulation of all macrophage markers employed, including evidences of macrophage activation. The quantification of HLA-DR expression by optic densitometry demonstrated a significant increase in the amount of this marker in alveolar macrophages obtained from tuberculosis sites. Increased expression of HLA-DR is usually taken to represent cell activation and augmented ability for antigen presentation. This has been previously demonstrated in other inflammatory conditions of the lung, including sarcoidosis ) and experimental bronchiectasis (Lapa e Silva et al. 1993b ) and has been associated with increase amounts of interferon-γ. Of interest is the additional finding of interferon-γ in BAL fluid in patients who had high bacillary load as indicated by positive acid-fast bacilli (data not shown).
Another interesting finding was the highly significant increase, around 10-fold, in the expression of the marker RFD9 in tuberculosis as opposed to controls. In immunohistochemical studies, this marker stains macrophages, including epithelioid cells and giant cells, inside granulomata of different origins, such as sarcoidosis and tuberculoid leprosy (Munro et al. 1987) . These cells are highly differentiated, activated cells. However, increased expression of this marker in alveolar macrophages from tuberculosis sites was never demonstrated before, and suggests that alveolar macrophages acquire the marker during the immune response against M. tuberculosis, probably in the process of containment of the bacilli that results in granuloma formation.
These findings pose a paradox of macrophage activation and yet inability to erradicate the tubercle bacilli. A potential explanation is our unpublished finding that in BAL samples of these patients we could find the presence of an increased subpopulation of CD4+CD7-T cells. These cells have been found in HIV-infected patients to act as suppressor cells (Autran et al. 1995) . Thus, despite exhibiting activation markers, these macrophages may be down-modulated and less able to erradicate the ingested M. tuberculosis, resulting in active disease. Alternatively, virulence determinants (not measured in this paper) may account for adequate activation state of macrophages but inability to contain M. tuberculosis.
An additional observation is the finding of increased percentage of mononuclear phagocytes expressing UCHM1, a marker for monocytes. Presumably these monocytes are recently recruited from the blood. Although monocytes compared to macrophages have higher oxidative capacity, producing more reactive oxigen intermediates, the M. tuberculosis expression of catalase (that catalyses the detoxification of H 2 O 2 to water), makes this defense-effector function ineffective. The newly recruited monocytes have lower antigen-presenting capacity in comparison to macrophages, additionally contributing to lowered cell mediated immunity. They may also not have had adequate time to interact with cells or cytokines in the lung parenchyma that prepare these cells for more effective control of M. tuberculosis. Furthermore, in vitro observation by our laboratory have demonstrated that peripheral blood mononuclear cells (monocytes) are unable to control M. tuberculosis growth. In fact, the growth of M. tuberculosis within monocytes approximates that in 7H9 Middlebrook enriched medium. Therefore, although recruitment of monocytes is required for the continuation of the immune response against the bacilli, they may also act to amplify clinical disease.
Our findings point out to macrophage activation and recruitment of monocytes into the lung in the setting of acute pulmonary tuberculosis. Future investigations of potential mechanisms previously outlined whereby disease occurs despite macrophage activation may lead to novel strategies for therapeutic intervention.
